MNEI. Uniformly labeled 13 C, 15 N-MNEI was produced in Escherichia coli BL21(DE3) freshly transformed with the pET22b+_MNEI vector. 6 Cells were cultured in 1 L of M9 medium supplemented with 100 mg/L ampicillin, 4 g/L 13 C-glucose, 5g/L 15 NH 4 Cl and trace elements. Protein expression was induced at OD 600 = 0.8 with 0.4 mM IPTG at 37°C for 5 h. Purification was achieved with a one-step procedure as described. 7 Protein yield was estimated by UV absorbance and was on average 20 mg per liter of culture. After lyophilization, the protein was dissolved in 20 mM sodium phosphate pH 2.5 at a concentration of 10 mg/mL and crystallized in hanging drops by addition of an equal volume of precipitant solution (0.1 M sodium acetate pH 5.0, 0.2 M ammonium sulphate, and 25% (w/v) PEG 4000). Microcrystals were harvested and packed by ultracentrifugation at 150,000×g for 12 h at 4°C directly into the 0.7mm NMR rotor using a device provided by Giotto Biotech. 3, 4 b 2 sliding clamp. The b 2 sliding clamp was overproduced in E. coli BL21(lDE3)recA containing plasmid pND261. 8 Cells were grown in 2 L of M9 minimal medium containing 1 g/L 15 N-NH 4 Cl and 1 g/L 13 C-glucose at 30˚C (until they reached OD 600 =0.6), and protein production was induced over 4 h at 42˚C. b 2 was purified as described, 8 concentrated using a Vivaspin-2 10kDa-cutoff centrifugal concentrator to 30 mg/mL in a buffer containing 50mM Tris (pH 7.6), 1 mM DTT and 0.5 mM EDTA, and sedimented into a 0.7mm MAS rotor at 150000×g at 4˚C over 62 h. Figure S1 . 15 N-1 H CP-HSQC spectra of GB1 (A), MNEI (B), AP205 coat protein (C), b 2 sliding clamp (D) and HET-s (E), acquired at the 1 GHz (GB1, AP205, b 2 clamp, HET-s) and 800 MHz (MNEI) spectrometers and MAS rate of 111 kHz (GB1, MNEI, b 2 clamp) or 100 kHz (AP205, HET-s). 1D traces with representative 1 H line widths are provided for isolated peaks. In the case of GB1 the 1 H line widths were approximated by Gaussian line fitting of peaks in the wellresolved 2D 13 C and 15 N-CP-HSQC spectra. No window function was used for the 1 H dimension. As shown in Fig S2, Black narrow and wide boxes represent rectangular p/2 and p pulses, respectively. The "hard" pulse durations were 1.2 µs, 3.1 µs, 5.5 µs for 1 H, 13 C and 15 N, respectively. Bell-shaped pulses denote either Q3 9 or Re-Burp 10 refocusing pulses of the following durations and peak r.f. field: 160 µs and 20.6 kHz (Ca and C' Q3 pulses in A-D and Cab pulses in E), 680 µs and 9.2 kHz (Cb ReBurp pulses in B and C). Cb pulses were applied off-resonance at the 13 C offset of 23 ppm using phase modulation, while C' and Ca Q3 pulses were applied either on-resonance, or 60 or 120 ppm off-resonance depending on the current carrier frequency. Cross-polarization (CP) coherence transfers are denoted 
II. 15 N-1 H CORRELATIONS
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as orange rectangles and trapezes. Details of CP ramps, contact times and r.f. fields are summarized in the Supplementary  Table S1 . For GB1, the Ca-C' coherence transfer delays were set as follows d 1 = 4.3 ms, d 2 = 4.0 ms -pw ReBURP . For AP205CP and HET-s, these delays were decreased to d 1 = 3.9 ms, d 2 = 3.5 ms -pw ReBURP , d 3 = 5.4 ms to account for faster transverse dephasing. In (D), the z-filter time was d 4 = 5 ms. 1 H offset was set on resonance with H 2 O resonance. 15 N offset was set to 117.8 ppm. In (A), 13 C carrier was placed in the center of 13 Ca resonances (56 ppm). In (B) and (C), the 13 C offset was kept in between of 13 Ca and 13 C' bands (116 ppm), and 13 C peaks folded by an integer multiple of respective spectral windows. In (D), the 13 C carrier frequency was changed from the centre of 13 C' (176 ppm) to 13 Ca resonances (56 ppm) during the delay d 4 . In (E), the 13 C offset was in the center of 13 Cb (40 ppm) throughout the entire sequence, and the 13 Ca peaks were moved upfield in w 2 by 16 ppm (equal to sw 2 /2) by a phase decrementation of j 6 by p every t 2 increment. MISSISIPI 11 with duration t sat of 100 ms and r.f. field gB 1 /2p = 48.7 kHz was used for suppression of water 1 H resonance. Grey rectangles represent homo-and heteronuclear composite pulse decoupling during frequency encoding (t 1 -t 3 ) and Jbased coherence transfers. Swept-TTPM 1 H decoupling 12 with r.f. field of 23.3 kHz and pulse width of 10 µs was employed. WALTZ-16 13 of 10 kHz r.f. and 25 µs pulse was applied for 15 N spins, and DIPSI-2 14 with 20 kHz r.f. and 12.5 µs pulse was used for 13 C decoupling. Pulse phases are as follows: j 1 = 2(y), 2(-y); j 2 = y; j 3 = x; j 4 = y; j 5 = x; j 6 = y; j 7 = x; j 8 = y; j 9 = x; j 18 = x; j 19 = x, y; j REC = y, -y, -y, y (A); j 1 = 4(y), 4(-y); j 2 = 2(y), 2(-y); j 3 = x; j 4 = y; j 5 = x; j 6 = y; j 7 = x; j 8 = y; j 9 = x; j 17 = y; j 18 = y; j 19 = y; j 20 = x; j 21 = x, y; j REC = y, -y, -y, y, -y, y, y, -y (B); j 1 = 4(y), 4(-y); j 2 = 2(y), 2(-y); j 3 = x; j 6 = y; j 7 = x; j 8 = y; j 9 = x; j 17 = x; j 18 = x; j 19 = x; j 20 = y; j 21 = x, y; j REC = y, -y, -y, y, -y, y, y, -y (C); j 0 = x; j 1 = y; j 2 = 4(y), 4(-y); j 3 = 2(y), 2(-y); j 4 = y; j 6 = x, -x; j 7 = x; j 8 = y; j 9 = x; j 18 = x; j 19 = x; j REC = y, -y, -y, y, -y, y, y, -y (D); j 1 = y; j 2 = 4(y), 4(-y); j 3 = 2(y), 2(-y); j 3 = x; j 4 = y; j 5 = y; j 6 = x; j 7 = x; j 8 = y; j 9 = x; j 19 = x; j 20 = x, y; j REC = y, -y, -y, y, -y, y, y, -y (E). Quadrature detection in w 1 and w 2 was accomplished using States-TPPI procedure 15 by incrementing j 2 and decrementing j 6 (A, B, C), or incrementing both j 2 and j 6 (D), or decrementing j 2 , j 4 (jointly in t 1 ), and j 6 (E) simultaneously with t 1 and t 2 time incrementation. All experiments were acquired at the 1 H B 0 field corresponding to w 0H = 1000 MHz and MAS rate of w R = 100 kHz.
For
13 Ca-13 C' transfers we suppress the undesired evolution of 13 Ca-13 Cb couplings, and whenever possible, we utilize the coherence transfer delays d 1 (in (C)), d 2 (in (B,C)) and d 3 (in (E)) for shared-time evolution to increase sensitivity and resolution in 13 C dimensions. Low-power decoupling was applied on the 1 H channel using the sw-TPPM (Swept Two-Pulse Phase Modulated) scheme 16 , ensuring sample integrity during measurements. The following phase cycle was employed for both (A) and (B): j 1 = 2(y), 2(-y); j 2 = x, -x; j 3 = x; j 4 = y; j 5 = 4(x), 4(-x); j 6 = -x; j 7 = y; j 8 = x; j 9 = x; j REC = x, -x, -x, x. WALTZ-16 decoupling 13 with gB 1 /2p = 25 kHz or 27.7 kHz (i.e. a quarter of MAS rate) was employed for mixing of 13 C spins. Quadrature detection in w 1 and w 2 was accomplished using States-TPPI procedure 15 by incrementing j 1 and j 5 simultaneously with t 1 and t 2 time incrementation. 
VI. ACQUISITION AND PROCESSING PARAMETERS
All spectra were recorded at w 0H /2p =1 GHz and a MAS rate of 100 kHz (AP205CP, HET-s) or 111.111 kHz (GB1) using a Bruker 0.7 mm HCN probe. Table S2 . Acquisition and processing parameters for the NMR spectra of GB1. The direct proton dimension was sampled to 10 ms, and apodized with a 60-deg. shifted sine-bell squared. The spinning rate was 100 kHz, except the (H)CCH-TOCSY experiment where w R /2p=111.111 kHz. The inter-scan delay was 1.0 s.
Spectrum
Max indirect evolution Fig. S6 summarizes the signal-to-noise ratio of the observed peaks, normalized to a 24h acquisition time. 
IX. COMPLETENESS OF GB1 AND AP205 SIDE-CHAIN CHEMICAL SHIFTS
Only Hb and Hg resonances of Glu19 are missing among aliphatic protons in GB1. Effectively, the completeness of side-chain assignment of 1 H shifts is 99.1% (excluding hydroxyl, side-chain amine and amide as well as aromatic protons).
In the case of AP205CP, assignment of the 1 Ha and 13 Ca could not be obtained for the following 20 residues: Ile9-Lys15, Gln35-Val39, Lys56, Pro60-Pro62, Asp128-Ala131 (15% of residues). It was possible to assign 74.8% of side-chain 1 H protons (excluding hydroxyl, side-chain amine and amide as well as aromatic protons). If only residues with assigned 1 Ha and 13 Ca shifts are considered, the completeness of aliphatic side chain 1 H assignment is 87%.
Assigned chemical shifts were deposited in BioMagResBank under accession numbers 30088 (GB1) and 30094 (AP205CP). 
